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ABSTRACT 


A compact, high-performance WDM coupler whidi couples 
at least three optical fibers is presented. The coupler has the 
ends of first, second and third optical fibers near a first face 
of a collimatiDg lens. A wavelength-dqxndent filter, such as 
a long-pass filter, a short-pass filter or a band-pass filter, is 
located near the opposite face of the coUiiikadng lens. The 
wavelength-dependent filter and the ends of the first and 
second optical fibers arc arranged with respect to each other 
so that light from the first optical fiber and reflected by ttie 
wavelength-dependent filter passes into the second optical 
fiber. Light which passes trough the wavelength-dependent 
filter remains coUimated by the coUiniated lens. Reflecting 
elenaents or a second coUimating lens in focus wid) die 
end(s) of one or more optical fibers can placed next to the 
wavelength-dependent filter and on the other side of the 
coUimating lens to create variations of the WDM coupler for 
many applications. 

11 Claims, 3 Drawing Sheets 
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INTEGRATED WDM COUPLER DEVICES 
FOR FIBEROPTIC NETWORKS 

BACKGROUND OF THE INVENTION 

The present invention relates to fiberoptic networics and, 
more particularly, to fiberoptic coiq>lers for WDM networks. 

In WDM (Wavelength Division Multiplexed) fiberoptic 
networks, the wavelength of an optical signal is used to 
direct the signal through the network to its intended desti- 
nation. The optical signals of a particular wavelength form 
a communication channel over a netwoik. Ideally^ couplers 
for such networks should have high peifonnance, i.e., low 
insertion losses* and high isolation between channels. 
Additionally, the couplers should be manufactured at low 
cost, and easy to install in a network. 

In a related patent plication, U.S. appUcation Ser. No. 
08/470.815, now abandonment may 27, 1997 entiUed 
*TNTEGRABLE FIBEROmC COUPLER AND RESULT- 
ING DEVICES AND SYSTEMS." filed Jun. 6, 19W and 
assigned to the present assignee, a basic fiberoptic coupler 
was disclosed. The present invention expands upon the basic 
coupler to provide for novel couplers which are voy suitable 
for WDM fiberoptic networks. High performance is 
achieved with ease of manufacturing and installation. 

SUMMARY OF THE INVENTION 

The present invention provides for a wavelength division 
multiplexed coupler for coupling at least three' optical fibers. 
Hie coupler has the ends of first seccmd and third optical 
fibers near a first face of a coUimating lens. A wavelength- 
dependent filter, such as a long-pass filter, a short-pass filter 
or a band-pass filter, is located near a second face of the 
coUimating lens. The wavelength-dependent filter and the 
ends of the first and second c^tical fibers are arranged with 
respect to each other so diat lig^t from the first optical fiber 
and reflected by the wavelength-dependent filter passes into 
the second optical fiber. Light which passes through the 
wavelength-dependent filter remains coUimated by die col- 
limated lens. Reflecting elements or a second coUimating 
lens in focus with the end(s) of one or more optical fibers can 
placed next to the wavelength-dependent filter and on the 
other side of the coUimating lens to create WDM couplers 
with many applications. 

BRIEF DESCRffnON OF THE DRAWINGS 

FIG, lA is a diagram of a general WDM coupler with a 
wavelength-dependent filter according to the present inven- 
tion; FIG. IB is a detaUed and enlarged end view of the 
sleeve in the WDM coupler of FIG. lA; 

FIG. 2A is a diagram of the WDM coupler with a 
long-pass filter and a reflecting element according to one 
embodiment of the present invention; FIG. 2B is a graph of 
transmittance versus wavelength for the long-pass filter in 
die WDM coupler of FIG. 2A; 

FIG. 3A is a diagram of the WDM coupler with a 
banc^ss filter and a reflecting clement according to an 
embodiment of the present invention; FIG. 3B is a graph of 
transmittance versus wavelength for the bandpass filter in 
the WDM coupler oi FIG. 3A; 

FIG. 4A is a diagram of a WDM coupler with two 
long-pass filters according to anotfier embodiment of the 
present invention; FIG. 4B is a graph of transmittance versus 
wavelength for the ban(4>ass filters in the WDM coupler of 
FIG. 4A; 

FIG. 5 is a diagram of a WDM coupler with partial 
reflecting elements, an isolator core and a long-pass filter 
according to another embodiment of the present invention; 
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FIG. 6A is a diagram of a WDM coupler with multiple 
optical fibers according to still another embodiment <^ the 
present invention; FIG. 6B is a detailed end view of me 
alternate sleeve which may be used in the WDM coupler of 
5 FIG. 6A; and FIG. 6c is a glass sleeve having square 
apertures. 

DETAILED DESCRHTION OF PREFERRED 
EMBODIMENT(S) 

FIG. 1 iUustrates the general organization of a WDM 
cottier according to the present invention. The WDM 
coiq)lcr has the ends of at least three (^tical fibers 10-12. a 
sleeve 13, a coUimating GRIN lens 14 and a wavelength- 
dependent filter 15. The ends of the optical fibers 10-12 are 
unjacketed so that only the core and cladding of the fibers 
are inserted into a central ^lerture 16 which runs longitu- 
dinaUy trough the sleeve 13. which is formed from glass. 
The core and cladding of die fibers 10-12 may or may not 
be tapered, but. in any case, are inserted into the aperture 16 

^ without being fused together. ITie size of the central aperture 
is sudi that the diree optical fibers 1#-12 fit snugly in the 
aperture. An enlarged end view of the fibers 10-12 in the 
aperture 16 is shown in FIG. IB. 
The face of tbe sleeve 13 (and the ends of the fibers 

^ 10-12) toward the coUimating GRIN lens 14 is polished at 
an angle fi-om 8^-12° from a plane perpendicular to the 
longitudinal axis of the sleeve 13. The face of the lens 14 
toward Ae sleeve 13 is also angle-poUshed. but at a recip- 
rocal angle, as shown in FIG. lA. Stated in broad terms, ^e 

^ lens 14 coUimates Ught from the fibers 10-12 (which 
a]^)ears as point sources) toward the filter 15. Similarly, the 
lens 14 refocusscs coUimated light from the direction of the 
filter 15 toward the optical fibers 10-12 into points. WhUe a 
conventional lens could be used in place of the coUimating 
GRIN lens 14. a quartcr-pUch GRIN (GRaded INdex) lens 
has been found to be superior in terms of ease of assembly 
and reliability in the completed coupler. 

The filter 15 is wavelength-dependent i.e.. light signals 
through the filter 15 arc blocked or passed dependent upon 
the wavelength of the light signals. In the various embodi- 
ments of the present invention described below, bandpass 
filters, long-pass filters, and short-pass filters are used. As 
the name impUes, a t>and^ass filter blocks Ught at aU 
wavelengths, except for Ught in a certain range or band. A 
long-pass filter blocks light below a certain cut-ofiF wave- 
length and passes (or transmits) Ught above that wavelength. 
A short-pass filter blocks light above a certain cut-ofT 
wavelength and passes (or transmits) Ught below that wave- 
length. In some of the embodiments below, the term, long/ 
short pass filter, is used to identily a long pass filter or a short 
pass filter. 

Light which is blocked by die filter 15 is reflected back 
through the lens 14. The Ught from the optical fibers 10-12 
is coUimated after a pass through the lens 14 toward the filter 
15 and is refocussed after a second pass through the lens 14 
toward the optical fibers 10-12. Thus the filter 15 can be 
adjusted so that the Ught from the core of one optical fiber 
10-12 is refocussed into the core of another optical fiber. 
^ Light which is passed by the filter 15 remains coUimated. 
This basic arrangement aUows for varied WDM couplers 
suitable for a wide range of appUcations, as described below. 

More details on the basic WDM coupler and its operation 
are described in U.S. appUcation. Ser. No. 08/470.815. now 
65 abandonment described previously. 

FIG. 2A iUustrates a particular embodiment of a WDM 
coupler according to the present invention. The WDM 
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coupler couples three opdc&l fibers and sq>arates light 
signals of two wavelengtt^, Xi and X2* say, on a first optical 
fiber so that each of the other two optical fibers cairies light 
signals of one of the wavelengths* X| or 

The WDM coupler has three optical fibers 2X^22 having 
end sections inserted into a glass sleeve 23, a quarter-pitch 
GRIN lens 24 and a long/short pass filter which, in the 
following description, is a long-pass filter 25. The coupler 
thus far described is similar to the coupler of FIGS. lA and 
2a. Additionally, the coupler has a reflecting element next to 
die filter 25 opposite the GRIK lens 24. 

Input light signab of different wavelengths ki andXj from 
the optical fiber 20 are coUimated by the GRIN lens 24. Ihe 
collimated light then strikes the long-pass filter 25 \^cli has 
a cutoff wavelength between \i and A^. The operation of the 
long-pass filter 25 is illustrated in FIG. 2B, whidi contains 
a graph of the transmittance versus the wavelength of li^t 
signals incident upon the long-pass filter 25. As shown in 
FIG. 2B« light signals of A^i, a wavelength sh(Htcr than the 
cutoff wavelength, has a low (ideally, zero) transmittance 
through the long-pass filter 25. The light signals at have 
a high transmtttanoe (ideally, one or unity) and are trans- 
mitted through the long-pass filter 25. Id accoxdance with the 
present invention, the long-pass filter 25, which may be a 
dichroic mirror filter, is arranged so that light signals from 
the optical fiber 20 which are reflected back by the long-pass 
filter 25 are refocused by the GRIN lens 24 upon the core 
end of the optica! fiber 21. Thus light from the optical fiber 
20 whidi is reflected by the long-pass filter 25 enters the 
optical fiber 21, (Note that, by reciprocity, light from the 
optical fiber 21 which is reflected by the long-pass filter 25 
passes into the first optical fiber 20.) 

Behind the long-pass filter 25 is a reflecting element 26, 
which reflects all light The r^ccting clement 26, typically 
formed with a gold coating on a flat glass surface, is 
arranged such that lig^t passing through die long-pass filter 
25 is reflected back through die filter 25 and refocused by the 
GRIN lens 24 at die core end of the third optical fiber 22. A 
multi-layer, dielectric coating may also be used in place of 
gold. Thus, depending upon the wavelength oi the signals 
through fte first optical fiber 20, the light signals are sent 
into either the second optical fiber 21 or the third optical 
fiber 22. 

The manufactuiiag steps are relatively simple and 
straightforward. The filter 25 is first arranged so that light 
which is reflected by the filter 25 passes from the fiber 20 
back to the fiber 21. Then, without rearranging the filter 25. 
die reflecting element 26 is arranged so that light which is 
reflected by the element 26 passes from the fiber 20 back to 
die fiber 22 

The ind^ndence in the filter and reflecting element 
arranging steps permits the described WDM coupler to be 
modified with additional optical fibers and long-pass filters. 
For example, a fourth optical fiber may be inserted into the 
glass sleeve 23 and a second long-pass filter may be inserted 
between die long-pass filter 25 and the reflecting element 26. 
The additional filter is arranged so that light from the optical 
fiber 20 is reflected back by the added filter into the added 
(^tical fiber. 

The inserted long-pass filter has a cutoff wavelength 
greater than that of the long-pass filter 25. Thus the optical 
fiber 20 can carry input iig|it signals of increasing wave- 
lengdis X-i, and k^. The long-pass filter has a cut-off 
wavelength between ki and Xj, and the second long-pass 
filter has cut-off wavelength between X2 and ^3. Light 
signals at wavelength X, arc reflected by the long-pass filter 
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25 into die q)tical fiber 21. light signals at wavelengdi ki are 
reflected by die second long-pass filter into the inserted 
fourth optical fiber, and light signals at wavelengdi kj are 
reflected by the reflecting element 26 into die optical fiber 
3 22. In diis manner, more optical fibers and long-pass filters 
can be added. 

While the WDM cottier above has been described in 
terms of long-pass filters, it should be evident tfiat short-pass 
filters, which may also be dichroic mirror filters, can also be 

10 used. For instance, a short-pass filter can be used fca- the 
long-pass filter 25, and for the second long-pass filter 
described in the immediately preceding paragraphs. 

The WDM coupler of FIG. 3A is similar to flie coupler of 
FIQ. 2A. The end sections of three optical fibers 30-32 arc 
inserted into a glass sleeve 33. The end of die glass sleeve 
33 and the fibers 30-32 face a collimating GRIN lens 34. At 
the other face of the GRIN lens is a bandpass filter 35 and 
a reflecting element 36. As illustrated in FIG. 3B, the 
ban(^ass filter transnaits lig^t in a narrow range, here shown 

^ as around wavelength X^, and blocks light at other wave- 
lengths. 

As shown in FIG. 3A, light signals at various 
wavelengths. X^, Xj, and X^, are sent as input signals over 

^ the first optical fiber 30 into the WDM coupler The signals 
on die optical fiber 30 are collimated by die GRIN lens 34 
and passed to die ban<^)ass filter 35. The bandpass filtc 35 
reflects the light signals at wavelengths X^. k^ and X4 back 
into die GRIN lens 34 which rcfocuses the reflected signals 

^ at die end of the second optical fiber 32 The light signals at 
Xi, which are passed by the bandpass filtcx 35, arc reflected 
by die reflecting element 36 back through die bandpass filter 
35 to die GRIN lens 34. The GRIN lens 34 refocuses die 
light signals reflected by the reflecting element 36 at die end 
of die tiiird optical fiber 31. Thus, die WDM coupler of FIG. 
3A can be used as an effective add/drop filter in a WDM fiber 
optic network. Incoming light signals at a wavelength 
selected by the bandpass filter 35 are removed from the first 
optical fiber 30 to die fiber 31; die light signals at other 

^ wavelengths are passed to the second optical fiber 32. 
Conversely, light signals at the selected wavelength can 
added through the optical fiber 31 to the first optical fiber 30. 

The WDM couplers illustrated in FIGS. 2A, 2B and 3A, 
3B have the advantages not only of performance^ but also of 

42 very small size. The couplers include only the end sections 
of optical fibers, a sleeve far the optical fibers, a GRIN lens, 
a wavelength-dependent filter and a reflecting element The 
limited number of components permits a very compact 
WDM coupler. For example, tiic WDM coupler of FIGS. 2A 
and 2B can be manufactured in a 3.2x16 mm package. 
Isolation between die two channels is high, approximately 
50 dB. 

The addition of a second coUimating lens and a sleeve 
with optical fiber(s) to the basic WDM design aeates 

S5 different WDM couplers with increased functionality. The 
WDM coupler illustrated in FIG. 4A can handle optical 
signals at three different wavelengdis. A first optical fiber 40 
receives ii^t optical signals at wavelengths X^, Xj and X3. 
The coupler can separate these signals so diat the optical 

^ signals at X^ pass to the optical fiber 41, the optical signals 
of wavelengdi X2 pass to the optical fiber 42, and die optical 
signals at Xs pass to the c^tical fiber 48. 

As in previously described WDM couplers, the coupler in 
FIG. 4A has a glass sleeve 43 which receives end sections 

65 of the optical fibers 40-42. A collimating GRIN lens 44 is in 
front of the slant angled face of the sleeve 43. In front the 
GRIN lens 44 arc two wavelength dependent filters, in this 
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case, long-pass filters 45 and 49. In the optical path of light reflecting elements 55 and 58 are each fomied typically by 

which is passed through the two filters 45 and 49, is a second a very thin layer of gold, or a multi-layer dielectric coating, 

coUimating GRIN lens 46. Next to the GRIN lens 46 and oo a flat glass surface. The amount of gold or dielectric 

opposite the long-pass filters 45 and 49 is a second glass coating is such that only a very small amount of light is 

sleeve 47 in which the end section of the optical fiber 48 has 3 reflected. 

been inserted. As in the case of the sleeve 43 and GRIN lens The optical isolator cere subassembly 57 is fcvmed by two 

44, the sleeve 47 (and the end of the optical fiber 48) is wedge-shaped bircftingcnt crystals on dtha side of a Fara- 

polished at an angle and faces a reciprocally angled surface day rotator and is described in the above-mentioned patent 

of the GRIN lens 46. appUcation, U.S. ajjplication Sa. No. OS/470,815 now aban- 

The long-pass filter 45 has a cutofl' wavelength which is *o donment. The optical isolator core subassembly 57 is 

shorter tiian that of the long-pass filter 49. The graph of FIG. arranged so that only light signals from the optical fibers 60 

4B of transmittance versus wavelength illustrates the opera- and 61 are transmitted toward die optical fibers 5(^2. as 

tion of both filters 45 and 49. The solid line illustrates die indicated by the arrow in the optical isolator 57 symbol in 

operation of the filter 45 which has a cutoff wavelength FIG. 5. Li^t signals in the opposite direction are blocked, 

between and Xj. The operation of filter 49 is illustrated by *5 ^ partial reflecting clement 55 is adjusted so thai 

the dashed-dot line. The filter 49 has a cutoff frequency Ugbt signals on ttie optical fiber 50 are reflected back 

between and Xj. Thus, the long-pass filter 45 reflects partially toward the optical fiber 51. The small fraction of 

signals at wavelength X, and passes optical signals at light reflected by the element 55 is indicated by the letter R 

wavelength X^ and X^, The filter 45 is adjusted such that light in piG. 5. li^it signals whidi is not reflected by the partial 

signals from die optical fiber 40 and reflected back by the ^ reflecting element 55 are reflected by the long-pass filter 56. 

filter 45 are refocused by the ccdlimating lens 44 at the end xhe filter 56 is adjusted such that optical signals from die 

of optical fiber 41, The long-pass filter 49 is adjusted so dial fiber 50 below; the cut-off wavelength of the filter 56 are 

light signals from die optical fiber 40 and reflected back by reflected and rcfocussed by the GRIN lens 54 at die end of 

die filter 49 are refocussed by die GRIN lens 44 at the end the optical fiber 52. Thus, light signals of wavelength Xi, 

of the optical fiber 42. Thus, signals at wavelength X2 pass ^ say t)elow the cut-off wavelength of the filter 56 are 

from the optical fiber 40 to the optical fiber 42. Signals reflected from the optical fiber 50 back into die fibers 51 and 

which arc transmitted by both filters 45 and 49 are refocused 52. The optical fiber 5 1 receives a small fraction R while die 

by die coUimating GRIN lens 46 at die end of die optical optical fiber 52 receives most of die light, l-R, from the fiber 

fiber 48. In other words, optical signals at wavelength X3 50. 

pass from die optical fiber 40 to die optical fiber 48. ^ yj^^ signah at a longer wavelengdi are sent into die 

Flutheimore, as explained previously with respect to the coupler through the optical fiber 60. The second partial 

FIG. 2A WDM coupler, additional long-pass filters and reflecting element 58 Is adjusted so that a small fraction r of 

optical fibers may be inserted into die WDM coiq)lcr of die light from the fiber 60 is reflected and refocussed by die 

FIGS. 4A and 4B. For example, an end section of a fifdi GRIN lens 59 at die end of the qjdcal fiber 61. Most of die 

cptical fiber may be inserted into the sleeve 43 and a diiid light from die fiber 60 is transmitted by the optica! isolator 

long-pass filter placed next to the long-pass filter 49 opposite core 57 through the long-pass filter 56 and first partial 

die filter 45. The third long-pass filter is adjusted to reflect reflecting element 55. These elements arc aligned with the 

light signals from the optical fit>er 40 into the end of fifth first coUimating GRIN lens 54 and the end of die fiber 52 

q>ticai fiber. Widi the cut-off frequency of the third long- such that the light signals transmitted dirough the partial 

pass filter selected appropriately, the modified WDM cou- ^ reflecting element 58 and flic optical isolatw core 57 are 

pier can separate optical signals at four different wave- received by the fiber 52. 

lengtiis. Of course, short-pass filters may also be used arrangement makes a very compact WDM coupler 

instead of die long-pass filters. f ^j. 3 laie-earth doped fiber amplifier. The optical fiber 60 is 

As stated previously, the present invention provides for connected to a message source so diat the coupler receives 

WDM couplers with many different applications. FIG. 5 is message signals Uirough die fiber 60. In many WDM 

a diagram of a WDM coupler which has particular utility as networks, die message signals are typically sent at wavc- 

an integrated fiber an^lifier module. The coupler may be lengdis at 1,550 nnL The message signal can be monitcHed 

used with a rare-earth doped fiber, such as an eibium-doped through the optical fiber 61 whidi receives a small fraction, 

fiber, and a pumping laser. ^ r« of the strength of the light signals on the fiber 60. In other ^ 

The WDM coupler has end sections of three optical fibers words, the optical fiber 61 is a tap on the signals on the fiber 

50-52 inserted into the central £^)crturc of a glass sleeve 53. 60. Most of die strengdi of die message signals, 1-r, passes 

A slant-angled face of the glass sleeve 53 faces a recipro- through the partial reflecting element 58 to die optical fiber 

cally angled face of a coUimating GRIN lens 54, as 52. 

describedpreviously.Theoppositefaceof the GRIN lens 54 35 The c^cal fiber 50 is connected to a pumping laser 

is near a partial reflecting clement 55 and a long-pass fihcr having an output wavelcngdi below die cutoff wavelength of 

56. Next to die long-pass filter 56 is an optical isolator core the long-pass filter 56. In many of die WDM networks, die 

subassembly 57, and a second partial reflecting element 58. puixipmg lasers typically have an output wavelength around 

A second coUimating GRIN lens 59 and a glass sleeve 62 980 nm. The optical fiber 52 is connected to the rare-earth 

which has end sections of optical fibers 60 and 61 inserted ^ doped optical fiber. The rare-earth doped fiber receives the 

into its central aperture con^letes die WDM coupler. message signal from the fiber 60 and the light from the 

The glass sleeves 53 and 62, die coUimating lenses 54 and punqjing laser to amplify die message signal. In FIG. 5, this 

59, and die l(Hig-pass filter 56 are similar elements of is symbolized by (l-R)Xi+{l-r)X2. The optical fiber 51 

I^eviously described WDM couplers. The partial reflecting provides a tap to monitor die ou^ut of die pumiMog laser 

elements 55 and 58 are new and arc designed to reflea only 65 optical fiber 50. 

a predetermined small amount of light, i.e.. most light is The present invention also provides for WDM coupler 

transmitted tiwough the reflecting element. The partial widi more than one optical fiber receiving input signals. The 
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WDM coiq^lar of FIG. 6A has the end soctioas of four 
optical fibers 7^73 which are inserted into the central 
i^>erture of the sleeve 74. A coUimating GRIN lens 75 is 
l^aced bctwceo the sleeve 74 and a wavelength dq>endeDt 
filter 76. Opposite the GRIN lens 75 is a second coUimating j 
GRIN lens 77 and a sleeve 78 having a central aperture into 
which the end section of optical fil>er 79 and SO arc inserted 
The filter 76 may be either a long-pass filter, shoit-pass filter 
or a band|}ass filter. In any case, the ends of the optical fibers 
7(^-73 are arranged with respect to the coUimating GRIN 
lens 75 and the filter 76 such that light from optical fiber 70 
is reflected back and refocused by the GRIN lens 75 at the 
end <^ the fiber 71. Similarly. Ught from optical fiber 72 is 
reflected back by the filter 76 and refocused by the GRIN 
lens 75 at the end of the optical fiber 73. It should be noted 
that the optical fibers 70-71 are i^aced in the central aperture 
81 in the glass sleeve 74 such that the fibers 70 and 71, 72 
and 73 arc located opposite each otha in the q>citurc 81. 
The aperture 81 can t>e circular. Fuxthomoa-e, glass sleeves 
having square apertures as shown in FIG. 6C are also 
effective in ensuring a snug fit of the end sections of the 20 
fibers 70-73. Glass sleeves with such central ^)erture5 witti 
square cross -sections may be obtained from Vitro 
Dynamics, Inc. of Rockaway, New Jersey. 

Light which Is transmitted through the filter 76 is refo- 
cused by the second GRIN lens 77. The GRIN lens 77 and 2^ 
the ends of the fibers 79 and 80 are airanged with respect to 
the filter 76, the first coUimating (BUN lens 75 and the ends 
of the optical fibers 70-73 such that light firom the c^cal 
fibers 70 is refocused by Ihc second coUimating GRIN lens 
at the end of the optical fiber 79 and lig^t from the optical ^ 
fiber 72 is refocused by the second collixnating GRIN lens 77 
at the end of the optical fiber 80. The paths of Ught firom the 
optical fibers 70 and 72 to the optical fibers 79 and 80 are 
iUustrated in FIG. 6B. A more complete desoiption of the 
^eoretical operation of WDM couplers having multiple 
input optical fibers and multiple output optical fibers with 
coUimating lenses is found in the assignee's patent appUca- 
tion referenced above. 

While the above is a complete description of the prefcnred 
embodiments of the present invention, various alternatives, 
modifications and equivalents may be used. It should be 
evident that the present invention is equaUy j^Ucable by 
making approj^iate modifications to the embodiment 
described above. For example, different combinations of 
long/short pass filters and band-pass filters may adapted into 
the WDM couplers described above. Therefore, the above 
descriptioD should not be taken as limiting the scope of 
invention which is defined by the metes and bounds of the 
appended cUims. 

What is claimed is: 

1. A wavelength division multiplexed coupla for cou- ^ 
pling at least four optical fibers, said coupler comprising 
an end of a first optical fiber, 
an end of a second optical fiber; 

an end of a third optical fiber; ^5 

an end of a fouith optical fiber; 

a first coUimating lens having first and second end faces, 
said first end face of said first coUimating lens and said 
ends of said first, second and third optical fibers proxi- 
mate each other and said first end face; 60 

a first long/short pass filter proximate said second end 
face of said first coUimating lens, said first long/short 
pass filter, said ends of said first and second optical 
fibers airanged with respect to each other so that light 
from said first optical fit>er and reflected by said first 65 
long/shcrt pass filter passes into said second optical 
fiber, 


40 


a second long/shc»t pass filter proximate said first long/ 
short pass filter and opposite said second end face of 
said first coUimating lens, said ends of said first and 
third optical fibers, said first coUimating lens, said first 
long/short pass filter and said second ion^short pass 
filter arranged with respect to each other so that Ught 
from said first optical fiber, passed by said first long/ 
short pass filter, and reflected by said second long/short 
pass filter passes into said third optical fiber, and 

a second coUimating lens, said end of said fourth optical 
fiber in close proxiinity with a first end face of said 
second coUimating lens so that said second coUimating 
lens refocuses said Ug^t from said second long/shott 
pass filter into said end of said fourth optical fitxr 
whereby Ught not reflected by said first and second 
long/short pass filters passes into said end of said fourth 
q)tical fiber. 

2. The wavelength division multiplexed coupler of claim 

1 wherein said first and second coUimating lenses each 
comprises a quaitcr-pitcfa GRIN lens. 

3. The wavelength division nuUtiplexed coupler of claim 

2 wherein said first and second long/sh(»t pass filters each 
have a cutoff wavelength, said cutoff wavelength of said first 
long/short pass filter being shorta ttan said cutoff wave- 
length of said second long/short pass filter. 

4. The wavelength division multiplexed coupler of claim 

3 further comprising 

an end of a fifth optical fiber, said ends of said first, 
second, third and fifth optical fibers proximate each 
other and said first end face of said first coUimating 
lens; 

a third long/short pass filter proximate said second long/ 
short pass filter and opposite said first long/short pass 
filter, said ends of said first and fifth optical fibers 
arranged with respect to each other, said first long/short 
pass fiUer, said second long/short pass filter and said 
third long/short pass filter so that Ug^t fi?om said first 
fiber, passed by said first and second long/short pass 
filters, and reflected by said third long/short pass filter 
passes into said fifth q)tical fiber. 

5. The wavelength division multiplexed coupler oi claim 

4 wherein said firsts second and third long/short pass filters 
each have a cutoff wavelength, said cutoff wavelength of 
said first long/short pass filter being shorter than said cutoff 
wavelength of said second long/short pass filter, and said 
cutoff wavelength of said second long/short pass filter 
shorter than said cutoff wavelength of said third long/short 
pass filter. 

6. A wavelength division coupler for coupling five optical 
fibers, said coupler comprising 

an end of a first optical fiber; 
an end of a second optical fiber; 
an end of a third optical fiber; 
an end of a fourth optical fiber; 
an end of a fifth optical fiber; 

a coUimating GRIN lens having first and second end 
faces, said first end face of said GRIN lens and said 
ends of said first second and third c^cai fibers proxi- 
mate each other and said first end face; 

a first partial reflecting element proximate said second end 
of said first coUimating lens, said ends of said first and 
second optical fibers, said first partial reflecting ele- 
ment arranged with respect to each other so that Ught 
from said first fit>er and reflected by said first partial 
reflecting elemeat passes into said third optical fiber; 
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a loog/shoit pass fijtcr proximate said secood end face of 
said GRIN lens, said ends of said first and third optical 
fibers, said first partial reflecting element and said first 
long/short pass filter aaanged with respect to each 
other so that light fi-om said first fiber and reflected by 5 
said first long/short pass filter passes into said third 
optical fiber, 

an optical isolator core proximate said long/short pass 
filter and opposite said first partial refiectiog element, 
said isolator core airanged to block light from said first 
fiber and to pass light toward said first fiber; 
a second partial reflecting element proximate said optical 
isolator core opposite said long/sboit pass filter; and 
a second coUimating lens, said ends of said fourth and 
fifth optical fibers in close praidnxity with a first end 
face of said second coUimating lens, said ends cf said 
fourth and fifth optical fibers, said second coUimating 
lens, said second partial reflecting element said optical 
isolator core, said first lon^shoit pass filt^, said first ^ 
coUimadng lens and said ends of said first, second and 
third optical fibers arranged so that said light from said 
fourth optical fiber and reflected by said second partial 
reflecting means passes into said fifth optical fiber, and 
light from said fourth optical fiber and passed by said ^ 
second partial reflecting element, said optical isolator 
core, said long/short pass filter and said first partial 
reflecting element, passes into one of said first, second 
or third optical fibers. 
7. The wavelength division coupler cf claim 6 wherein ^ 
said ends of said fourth and fifth optical fibers, said second 
coIlimatLng lens, said second partial reflecting dement, said 
optical isolator core, said first long/shoat pass filter, said first 
coUimating lens and said ends of said first, second and third 
optical fibers arranged so that light from said fourth optical 
fiber and passed by said second partial reflecting element, 
said optical isolator core, said long/short pass filter and said 
first partial reflecting element, passes into said third optical 
fiber. 

The wavelength division coupler of claim 6 wherein ^ 
long/short pass filter comprises a dichroic rtmror filter. 

9. A wavelength division multiplexed coupler for cou- 
pling at least six optical fit)ers, said coupler compdsing 


an end of a first cptical fiber, 
an end of a second optical fiber; 
an end of a diird optical fiber; 
an end of a fourth optical fiber; 
an end of a fifth optical fiber; 
an end of a sixth optical fiber; 

a first coUimating lens having first and second end faces, 
said first end face of said coUimating lens and said ends 
of said first, second, third, and fourth optical fibers in 
close proximity widt each other and said first end face; 

a wavelength-dependent filter proximate said second end 
face of said first coUimating lens, said wavelength- 
dependent filter reflecting or passing Ught responsive to 
wavelength of light incident thereupon, said 
wavelength-dependent filter, said ends of said first 
second, third and fourth optical fibers airanged with 
respect to each other so that light from said first optical 
fiber and reflected by said wavelength-dependent filter 
passes Into said second optical fiber and so that Ught 
from said third optical fiber and reflected by said 
wavelength-dependent filter passes into said fourth 
optical fiber, and 

a second coUimating lens in the path of said coUItnated 
light from said wavelength-dependent fUter, said ends 
of said fifth and sixtti optical fibers in close proximity 
with a first end face of said second coUimating lens and 
arranged so that U^t from said first optical fiber passed 
by said wavelength-dq>endent filter passes into said 
fifth optical fiber and Ug^t from said third optical fiber 
and passed by said wavelength-dependent filter passes 
into said sixth optical filter. 

10. The wavelength division multiplexed coupler of claim 
9 wherein said wavelength-dependent filter comprises a 
long/short pass filter. 

11. The wavelength division multiplexed coupler of claim 
9 wherein said wavelength-dependent filter comprises a 
band-pass filter. 
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